Neuroprotection by urokinase plasminogen activator in the hippocampus.
Tissue plasminogen activator (tPA) and urokinase plasminogen activator (uPA), which are both used for thrombolytic treatment of acute ischemic stroke, are serine proteases that convert plasminogen to active plasmin. Although recent experimental evidences have raised controversy about the neurotoxic versus neuroprotective roles of tPA in acute brain injury, uPA remains unexplored in this context. In this study, we evaluated the effect of uPA on neuronal death in the hippocampus of mice after kainate-induced seizures. In the normal brain, uPA was localized to both nuclei and cytosol of neurons. Following severe kainate-induced seizures, uPA completely disappeared in degenerating neurons, whereas uPA-expressing astrocytes substantially increased, suggesting reactive astrogliosis. uPA-knockout mice were more vulnerable to kainate-induced neuronal death than wild-type mice. Consistent with this, inhibition of uPA by intracerebral injection of the uPA inhibitor UK122 increased the level of neuronal death. In contrast, prior administration of recombinant uPA significantly attenuated neuronal death. Collectively, these results indicate that uPA renders neurons resistant to kainate-induced excitotoxicity. Moreover, recombinant uPA suppressed cell death in primary cultures of hippocampal neurons exposed to H2O2, zinc, or various excitotoxins, suggesting that uPA protects against neuronal injuries mediated by the glutamate receptor, or by oxidation- or zinc-induced death signaling pathways. Considering that tPA may facilitate neurodegeneration in acute brain injury, we suggest that uPA, as a neuroprotectant, might be beneficial for the treatment of acute brain injuries such as ischemic stroke.